as high-risk group with total scores 2-3 points. The median overall survival for low-risk group and high-risk group was 9.9 months (95 % CI 6.8-13.0) and 5.3 months (95 % CI 4.1-6.5), respectively (hazard ratio 0.27; 95 % CI 0.14-0.52; P < 0.001). The estimated 1-year survival rates for low-risk group and high-risk group were 40.5 and 5.9 %, respectively (P < 0.05). Conclusions A novel prognostic index model based on three clinical parameters was established to predict the prognosis of patients with advanced pancreatic cancer receiving palliative chemotherapy. . Multivariate analysis identified ECOG score = 2 (hazard ratio 2.03; 95 % CI 1.07-3.85; P = 0.030), CA19-9 levels of ≥1000 U/mL (hazard ratio 2.07; 95 % CI 1.09-3.92; P = 0.026), and CRP levels of ≥5 mg/L (hazard ratio 2.05; 95 % CI 1.06-3.96; P = 0.033) as independent poor prognostic factors for overall survival. For the three factors, ECOG score = 2, CA19-9 levels of ≥1000 U/mL, and CRP levels of ≥5 mg/L were allocated 1 point each. There were 84 (71.2 %) patients allocated to low-risk group with total score 0-1 point, and 34 (28.8 %) patients were categorized
Introduction
Pancreatic cancer is a devastating malignant disease represented by almost equal morbidity and mortality annually (Siegel et al. 2013) . It is estimated to be the second leading cause of cancer-related death in USA around 2020 (Rahib et al. 2014) . Although surgical resection is the only potential curative modality, only 10-20 % of patients were first diagnosed with resectable tumor (Heinemann et al. 2012) . Even after curative resection, a large proportion of patients develop recurrence within 1 year (Katz et al. 2009; Barugola et al. 2009 ). The 5-year survival rate remains dismal (Stathis and Moore 2010) .
In clinical practice, most patients present with locally advanced or metastatic disease at the first diagnosis (Heinemann et al. 2012; Stathis and Moore 2010) . Palliative chemotherapy with gemcitabine (Burris et al. 1997; Heinemann et al. 2008) or S-1 Ueno et al. 2013 ) based regimen for advanced pancreatic cancer (APC) has been established as the standard of care in recent years. However, the prognosis of patients receiving palliative chemotherapy varies depending on a number of clinical characteristics (Papadoniou et al. 2008) . It is crucial to identify the subgroup of APC patients who would benefit from palliative chemotherapy (Philip et al. 2009 ). Previous studies have identified several prognostic factors for survival, such as pretreatment CA19-9 (Saad et al. 2002; Reni et al. 2009 ), C-reactive protein (CRP) (Haas et al. 2010; Wang et al. 2012) , serum albumin levels (Maréchal et al. 2007 ), neutrophil-to lymphocyte ratio (NLR) (Xue et al. 2014) , and performance status (Tas et al. 2013) . However, the predictive value of these factors for palliative chemotherapy of APC patients is still controversial. Therefore, the development of an alternative method to predict the prognosis for APC patients is attracting more attention. Glasgow Prognostic Score (GPS) (McMillan 2013), a notable prognostic scoring method, which was developed a decade ago, represented a sensitive measure of the systemic inflammatory response and nutritional status of patient. Glen et al. (2006) verified its prognostic value in patients with inoperable pancreatic cancer. However, the host-related factor of GPS alone can hardly reflect the overall status of patients with pancreatic cancer. Therefore, we sought to develop a comprehensive and feasible prognostic index model to predict the prognosis for APC patients in daily practice.
In this study, we investigated multiple pretreatment variables that are easily accessible in clinical practice to predict the outcomes of APC patients receiving palliative chemotherapy. Furthermore, a prognostic index model derived from the independent prognostic factors was established to effectively identify the high-risk group of APC patients undergoing gemcitabine-or S-1-based palliative chemotherapy. It could be valuable for clinicians in decision making of treatment strategies and assessment of APC patients who may likely benefit from palliative chemotherapy.
Materials and methods

Patients and treatment
Clinical data of 145 consecutive APC patients, who received gemcitabine-or S-1-based palliative chemotherapy in our cancer center between January 2006 and August 2013, were retrospectively analyzed. Twentyseven cases were excluded from this study due to deficient pathological or clinical data, and 118 patients who met the following inclusion criteria were included in our study: (1) patients with pathologically confirmed invasive ductal carcinoma of the pancreas, either by surgical resection or needle biopsy; (2) patients presented with locally advanced unresectable or metastasis disease diagnosed by computed tomography (CT) or magnetic resonance imaging (MRI); and (3) patients with available clinical data at the first administration of gemcitabine-and/or S-1-based palliative chemotherapy. All patients enrolled had signed informed consent previously for the purpose of clinical research. This study was approved by the Ethics Committee of Shanghai General Hospital, Shanghai Jiaotong University.
Palliative chemotherapy consisted of gemcitabine-or S-1-based regimens, including gemcitabine monotherapy (n = 68) (Burris et al. 1997) , gemcitabine and cisplatin combination therapy (n = 8) (Heinemann et al. 2006 ), gemcitabine and oxaliplatin combination therapy (n = 12) (Louvet et al. 2005) , gemcitabine and nab-paclitexal combination therapy (n = 4) (Von Hoff et al. 2013) , gemcitabine and erlotinib combination therapy (n = 4) (Moore et al. 2007) , and S-1 monotherapy (n = 22) Ueno et al. 2013) . The specific dosage and schedule of each regimen were adjusted by the physicians based on the individual patient's general condition.
Prognostic factors
The integrated clinical data included patients' demographics, the medical treatment records, pathological reports, tumor-node-metastasis stage, imaging scan of body, and pretreatment laboratory data were collected for analysis. Fourteen clinical variables were chosen as potential prognostic factors, among which continuous parameters were divided into two categories according to the previous studies (Papadoniou et al. 2008; Haas et al. 2010; Xue et al. 2014; Tanaka et al. 2008) for the convenience of prognostic analysis as follows: age (<65 or ≥65 years), gender (male or female), Eastern Cooperative Oncology Group (ECOG) score (0-1 or 2), primary tumor location (head or body/tail), prior tumor resection (no or yes), distant metastasis (no or yes), levels of carbohydrate antigen 19-9 (CA19-9 <1000 or ≥1000 U/mL), carcinoembryonic antigen (CEA <5 or ≥5 ng/mL), C-reactive protein (CRP <5 or ≥5 mg/L), hemoglobin (<100 or ≥100 g/L), neutrophil-to-lymphocyte ratio (NLR <5 or ≥5), platelet to lymphocyte ratio (PLR <150 or ≥150), and albumin (<35 or ≥35 g/L).
Statistical analysis
All of the analyses were performed using SPSS statistical software (version 17.0, SPSS Inc, Chicago, IL, USA). The primary end point of the study was overall survival (OS). OS was calculated from the initiation of palliative chemotherapy to the date of death for any reason or the last follow-up visit of patient. OS were estimated by the KaplanMeier method, and the difference in OS was compared by log-rank tests. Prognostic variables associated with OS were identified through univariate analysis by Cox regression models. The hazard ratio (HR) and 95 % confidence interval (CI) were calculated using Cox regression models. A two-tailed P value of <0.05 was considered statistically significant. The independent prognostic variables associated with OS were confirmed by multivariate analysis using Cox proportional hazards model. A prognostic index model was established based on independent variables that were significantly associated with OS in the multivariate analysis.
Results
Patient characteristics
A total of 118 consecutive patients with APC treated with first-line palliative chemotherapy between January 2006 and August 2013 were investigated. The median age of these patients was 62 years (range 34-82). Seventy-four patients (62.7 %) had relatively good general conditions with ECOG score 0-1. Forty-six patients (39.0 %) had pancreatic head carcinoma, while seventy-two patients (61.0 %) had carcinoma in the body and tail of pancreas. Twenty-four patients (20.3 %) had received primary pancreatic lesion resection before recurrence. Forty-six patients (39.0 %) had unresectable locally advanced lesion, while seventy-two patients (61.0 %) had distant metastatic disease. Of these patients, sixty-four (54.2 %) had liver metastasis, sixty (50.8 %) had celiac lymph node metastasis, and thirty-four (28.8 %) had ascites or peritoneum metastasis. Twenty-two patients (18.6 %) received S-1 monotherapy; other ninety-six patients (81.4 %) received gemcitabinecontaining regimen treatment, among which sixty-eight had received gemcitabine monotherapy and twenty-eight had received gemcitabine-based combination therapy. Patients' baseline characteristics are shown in Table 1 .
Univariate and multivariate analysis of prognostic factors
Univariate analysis of potential prognostic factors associated with OS in this cohort showed that ECOG score of 2, unresectable disease, distant metastasis, CA19-9 levels of ≥1000 U/mL, CRP levels of ≥5 mg/L, and NLR ≥5 were significantly associated with poor OS (P < 0.05).
Performing the subsequent multivariate analysis, a total of three factors, including ECOG score = 2, CA19-9 levels of ≥1000 U/mL, and CRP levels of ≥5 mg/L, were identified as independent prognostic factors for poor OS in APC patients following palliative chemotherapy (Table 2) .
Overall survival
With median follow-up period of 8.5 months (range 0.5-65.8), 88 patients (74.6 %) were reported dead at time of last follow-up. The median OS time for all the 118 patients was 8.8 months [95 % confidence interval (CI), 7.0-10.6 months] since initiation of palliative chemotherapy (Fig. 1) . The 1-and 2-year survival rates were 32.2 and 10.2 %, respectively. To compare OS of patients with different profiles of prognostic factors, we divided patients in subgroups according to the independent prognostic factors identified in the multivariate analysis, including ECOG score, CA19-9 levels, and CRP levels, and compared the KaplanMeier curves for OS by log-rank test (Fig. 2) . The median OS was 5.5 months (95 % CI 4.4-6.6) in ECOG score 2 group and 9.9 months (95 % CI 6.9-12.9) in ECOG score 0-1 group [hazard ratio (HR) 0.47; 95 % CI 0.26-0.86; P = 0.015]. For patients with CA19-9 levels of ≥1000 versus <1000 U/mL, median OS was 5.3 months (95 % CI 4.0-6.6) versus 9.9 months (95 % CI 6.7-13.1) (HR 0.36; 95 % CI 0.19-0.66; P = 0.001). The median OS for patients with CRP levels ≥5 mg/L was 5.9 months (95 % CI 4.4-7.4) compared with 10.6 months (95 % CI 6.6-14.6) in patients with CRP levels <5 mg/L (HR 0.49; 95 % CI 0.27-0.89; P = 0.019).
Prognostic index model
The pretreatment ECOG score, CA19-9 levels, and CRP levels identified as independent prognostic factor by multivariate analysis were used to establish the prognostic index model. Table 3 shows the criteria of prognostic index model as follows: ECOG score 2, CA19-9 levels of ≥1000 U/ mL, and CRP levels ≥5 mg/L were allocated 1 point each; ECOG score 0-1, CA19-9 levels of <1000 U/mL, and CRP levels <5 mg/L were allocated 0 point each. The total score ranging from 0 to 3 was categorized into two prognostic index risk groups as defined as follows: low-risk group, 0 or 1 point; high-risk group, 2 or 3 point. There were 84 (71.2 %) patients allocated to low-risk group, and 34 (28.8 %) patients were categorized as high-risk group. The median OS for the low-risk group was 9.9 months (95 % CI 6.8-13.0), which was significantly longer than that of 5.3 months (95 % CI 4.1-6.5) in high-risk group (HR 0.27; 95 % CI 0.14-0.52; P < 0.001). The estimated 1-year survival rates for low-risk group and high-risk group were 40.5 and 5.9 %, respectively (P < 0.05) (Fig. 3) . 
Discussion
The incidence of pancreatic cancer has gradually increased in developing countries in recent years (Ma et al. 2013) . Several clinical trials confirmed that gemcitabine-or S-1-containing palliative chemotherapy possess similar efficacy and safety for patients with APC; nevertheless, the prognosis of APC patients remains dismal (Stathis and Moore 2010; Burris et al. 1997; Heinemann et al. 2008; Okusaka et al. 2008; Ueno et al. 2013; Michl and Gress 2013) . It is clinically relevant to identify the prognostic factors for APC patients in determination of the treatment strategy.
Previous studies have reported several prognostic factors related to poor outcomes for APC patients, including elevated pretreatment levels of CA19-9 (Saad et al. 2002; Reni et al. 2009 ), CRP (Haas et al. 2010; Wang et al. 2012; Pine et al. 2009 ), and LDH (Haas et al. 2010; Tas et al. 2001) , increased ratio of neutrophil to lymphocyte (Xue et al. 2014) , poor performance status (Tas et al. 2013) , and status of initial unresectable disease (Xue et al. 2014) . However, the prognostic factors reported were different in various studies. In the current study, we devised a convenient prognostic index model by retrospectively analyzing various clinicopathological factors and pretreatment parameters in APC patients receiving palliative chemotherapy. Three factors, including ECOG score of 2, CA19-9 levels of ≥1000 U/mL, and CRP levels ≥5 mg/L, were identified as independent adverse prognostic factors for OS in APC patients in our cohort. Creating a prognostic index model with these three factors, patients classified as low risk with this model showed significant survival benefit from gemcitabine-or S-1-based chemotherapy, with a median survival duration of 9.9 months and 1-year survival rate of 40.5 %, which was much better than the patients categorized as high risk, with median survival duration of 5.3 months and a 1-year survival rate of 5.9 %. Based on these values, palliative chemotherapy of gemcitabine-or S-1-containing regimen showed no significant survival benefit for the patients in high-risk group. As to the low-risk group of patients, it should be noted that those who have fewer poor prognostic factors may do well even without chemotherapy. Nevertheless, this prognostic index model would help oncologists to avoid excessive medical treatment for APC patients in high-risk group; meanwhile, it is urgent to develop novel therapeutical strategies for these intractable high-risk groups of APC patients.
Previous studies have proposed various prognostic models for APC patients (details in Table 4 ). Hamada et al. (2014) recently designed a nomogram derived from analysis of their prospectively collected 531 patients with inoperable pancreatic cancer receiving palliative chemotherapy, which contained six potential prognostic factors of age, sex, ECOG PS score, tumor size, regional lymph node metastasis, and distant metastasis status. This nomogram provided improved ability to predict clinical outcome for each patient with APC. Yi et al. (2011) devised a risk-stratified prognostic model derived from 298 APC patients who received gemcitabine-based chemotherapy, which consists of four prognostic factors, including serum CRP levels, albumin levels, metastasis to liver, and ascites dissemination. The survival outcomes differed remarkably according to the prognostic model stratification. However, only 84.9 % patients in their study had definite pathological diagnosis of ductal adenocarcinoma. Maréchal et al. (2007) also reported a prognostic index consists of three variables of KPS, weight loss, and AST for APC patients who received gemcitabine-containing chemotherapy. Using this index model, patients were categorized into three groups with significantly different survival time. By contrast, three variables of ECOG score, CA19-9 levels, and CRP levels identified in our prognostic index model represent the general condition, tumor burden, and systemic inflammatory reaction of patient, respectively, making our result more close to clinical practice. Consistently, previous study has demonstrated that these three prognostic factors are significantly associated with the survival of a cohort of 103 consecutive patients with APC (Ueno et al. 2000) . The median OS of this cohort was 3.2 months in contrast to 8.8 months in this study, and about 30 % of the patients had died within 2 months from the beginning of systemic chemotherapy. This may be because patients with locally advanced APC were excluded from this study. Additionally, the chemotherapeutic regimen used in this cohort varied among patients, having only a few patients treated with gemcitabine monotherapy which is not consistent to current clinical practice. Because of the disparity of categorization criteria for the continuous parameters, such as CA19-9 and CRP, between studies (Yi et al. 2011; Maréchal et al. 2007; Ueno et al. 2000) , universally accepted cutoff values of these parameters have yet established. This underscores the importance of conducting further study to elucidate this issue. Our data suggests that the cutoff value defined in this study based on previous studies and our clinical practice could be utilized successfully to predict prognosis for APC patients. Obvious limitations should be addressed that the sample size of the current study is relatively small compared with other previous studies. Furthermore, the reliability of the predictive model developed in retrospectively single center should be externally validated using another independent cohort data.
In this study, all the APC patients have received either gemcitabine-or S-1-based chemotherapy. Although the chemotherapy regimens differed among patients in our study, it is unlikely that the treatment regimens would influence the prognosis of patients. Ueno et al. (2013) demonstrated in GEST study that efficacy of gemcitabine, S-1, or gemcitabine/S-1 combination therapy for patients with APC were not statistically different. In addition, previous meta-analysis studies (Heinemann et al. 2008) showed no significant improvement in OS for gemcitabine-based combinations over gemcitabine monotherapy. Furthermore, in our results of univariate analysis for different treatment regimens, the prognosis of patients received gemcitabineor S-1-containing regimens showed no statistical difference (HR 1.55; ; P = 0.245).
In conclusion, our study identified three independent adverse prognostic factors, ECOG, CA19-9, and CRP, in patients with APC who had received palliative chemotherapy. A prognostic index model calculated based on these factors was developed to stratify patients with low and high risk of poor prognosis. These readily accessible pretreatment parameters of patients and prognostic index model could assist clinicians to identify high-risk patients and propose individualized therapeutic approach to APC patients in clinical practice.
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